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PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

In re application of: Yasuharu UOMORI et al. 

Serial No. : Not Yet Assigned 
(PCT/JP99/00940) 

Filed: July 31, 2001 

For: COOLER FOR ELECTRONIC DEVICE 

PRELIMINARY AMENDMENT AND SUBMISSION OF 
SUBSTITUTE PAGES FOR PCT ARTICLE 34 AMENDMENT 

Commissioner for Patents 

Washington, D.C. 20231 July 31, 2001 

Sir: 

Prior to the calculation of the filing fees of the above application, please amend the 
application as follows: 

FN THE SPECIFICATION 

Please enter the attached substitute sheets for pages 4, 5 and 15. The substitute sheets 
incorporate in the English language translation of the international application amendments 
presented in the international stage under PCT Article 34. 

IN THE CLAIMS : 

Please amend the claims as follows: 



1 . (Amended) A cooler for an electronic device which cools a heating element provided 
on the electronic device by circulating a cooling liquid, which comprises: 



Yasuharu UOMORI et al. Docket No. 0 1 06 1 0 

a substrate; 

a liquid cooling mechanism composed of 

a heat sink formed in a flat shape to have a heat-receiving face at a surface thereof 
intended to be in contact with said heating element and having a liquid channel 
formed therein, 

a pump portion having an impeller rotatably provided in a housing formed in a flat 
shape within said substrate to circulate said cooling liquid, 
metal pipes for circulating said cooling liquid therethrough; 
a forcible air cooling mechanism composed of 

a radiating fin provided on the outer surface of said metal pipes and 
a fan to cool said radiating fin and said housing; 
said pump portion of the liquid cooling mechanism and said fan of the forcible air cooling 
mechanism being provided on the substrate in a vertically aligned positional relationship such that 
said liquid cooling mechanism and said forcible air cooling mechanism are unified. 

6. (Amended) The cooler for an electronic device as claimed in Claim 4, wherein said 
motor substrate is made of an insulating plate having a coil formed on the surface thereof, said fan 
is in the form of a thin plate having a plurality of bent blades on the periphery of a thin plate having 
a rotation axis at the middle portion thereof, and said motor substrate, said fan and said pump portion 
in a flat form are laminated on each other. 
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Please add the following new claim: 
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1 1 . (New) The cooler for an electronic device as claimed in Claim 5 , wherein said motor 
substrate is made of an insulating plate having a coil formed on the surface thereof, said fan is in the 
form of a thin plate having a plurality of bent blades on the periphery of a thin plate having a rotation 
axis at the middle portion thereof, and said motor substrate, said fan and said pump portion in a flat 
form are laminated on each other. 
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REMARKS 

The above proposed amendment is submitted to place the claims in substantially the same 
condition as the claims which have been amended under Article 19 in the International Application 
PCT/JP99/00940 and to remove improper multiple dependent claims. . Early and favorable action 
is awaited. 

Attached hereto is a marked-up version of the changes made to the specification and claims 
by the current amendment. The attached page is captioned " Version with markings to show changes 
made. " 

hi the event there are any additional fees required, please charge our Deposit Account No. 

01-2340. 

Respectfully submitted, 

ARMSTRONG, WESTERMAN, HATTORI, 
McLELAND & NAUGHTON, LLP 



Atty. Docket No. 010610 




Suite 1000 Reg. No. 27,133 

1725 K Street, N.W. 
Washington, D.C. 20006 
Tel: (202)659-2930 
DWH/yap 

Enclosures: Substitute pages 4, 5, 5/1, 15 and 15/1. 
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VERSION WITH MARKINGS TO SHOW CHANGES MADE 



Claims 1 and 6 have been amended as follows: 

1. (As amended) A cooler for an electronic device which cools a heating element 
provided on the electronic device by circulating a cooling liquid , which comprises: 
a substrate: 

a liquid cooling mechanism composed of 

a heat sink formed in a flat shape [and having] to have a heat-receiving face at 
[one] a surface thereof intended to be in contact with said [electronic device] 
heating element and having a liquid channel formed therein, 
a pump portion [composed of] having an impeller rotatablv provided in a housing 
formed in a flat shape [and having an impeller and rotatably provided therein, and 
metal pipes each connecting said liquid channel to said pump portion, and] within 
said substrate to circulate said cooling liquid, 
metal pipes for circulating said cooling liquid therethrough; 
a forcible air cooling mechanism composed of 

a radiating fin provided on the outer surface of said metal pipes[,] and 
a fan [which] to cool[s] said radiating fin and said housing, 
said pump portion of the liquid cooling mechanism and sai d fan of the forcible air cooling 
mechanism being [unified with each other] provided on the substrate in a vertically aligned 
positional relationship such that said liquid cooling mechanism and said forcible air cooling 
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mechanism are unified . 
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6. (Amended) The cooler for an electronic device as claimed in Claim 4 [or 5], wherein 
said motor substrate is made of an insulating plate having a coil formed on the surface thereof, said 
fan is in the form of a thin plate having a plurality of bent blades on the periphery of a thin plate 
having a rotation axis at the middle portion thereof, and said motor substrate, said fan and said pump 
portion in a flat form are laminated on each other. 
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required for mounting, since in the cooler described above, after the 
heat-receiving header and the radiating header have been mounted, 
the flexible tubes must be placed on the wiring substrate. 
(3) Moreover, the parts composing the cooler is separately 
distributed therewithin, making it difficult to cut down on the space 
in a notebook personal computer or the like. This prevents the 
notebook personal computer or the like from being downsized and 
made thinner. 

As described above, no cooler has yet been provided which 
fulfills the following requirements for a smaller size or thinner type 
of electronic device like a notebook personal computer, i.e., the 
cooler must be smaller and thinner, the cooler must have an 
effective and sufficient effect for heat-radiation, and the cooler can 
safely be used in such an electronic device. 



The present invention has been made to solve the technical 
problems described above, and an object of the present invention is 
to provide a cooler for an electronic device which is smaller and 
thinner than the conventional cooler, which can show a sufficient 
cooling effect with higher effectiveness, and which has no risk of 
being damaged. 

As described in Claim 1, the cooler for an electronic device 
according to the present invention which has been made to attain 
the object described above is a cooler for an electronic device which 
forcibly cools a heating element provided on the electronic device by 
circulating a cooling liquid, which comprises- a liquid cooling 
mechanism composed of a substrate, a heat sink formed on said 
substrate in a flat shape having a heat-receiving face at one surface 
thereof intended to be in contact with said heating element and 
having a liquid channel formed therein, a pump portion having a 
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housing formed in a flat shape on said substrate, and an impeller 
rotatably formed in said housing to circulate said cooling liquid, 
metal pipes connected to said pump portion and said liquid channel 
of the heat sink through which metal pipes said cooling liquid is 
circulated; and a forcible air cooling mechanism composed of a 
radiating fin provided on the outer surface of said metal pipes, and 
a fan which cools said radiating fin and said housing, said pump 
portion of the liquid cooling mechanism and said fan of the forcible 
air cooling mechanism being provided on said substrate in a 
vertically aligned positional relationship such that said liquid 
cooling mechanism and said air cooling mechanism are unified with 
each other. 

Due to such a construction, since the heat sink is formed into 
a flat shape, the heat-receiving face can be enlarged and, thus, the 
heat generated in the electronic device is transmitted to the liquid 
channel via the heat-receiving face having such an enlarged area, 
making it possible to maintain the temperature of the electronic 
device within the tolerance level. On the other hand, since the 
cooling liquid heated due to the heat exchange is forcibly cooled by 
means of the forcible air cooling mechanism, the cooler can maintain 
a large cooling effect, even if the electronic device is used over a 
prolonged period of time. The higher the cooling effect of the cooler, 
the easier the downsizing of the cooler becomes. 

Since the pipe portion and the liquid channel of the heat sink 
are connected by means of the metal pipes, there is no risk of 
leakage of damaging the electronic device itself. What is more, the 
cooler of the present invention is unified into a whole unit and is 
made into a fixed form by connecting the pump portion and the heat 
sink by means of the metal pipes. Consequently, in contrast to the 
conventional cooler, it is not required to place flexible tubes on the 
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wiring substrate, so it becomes easy to mount the cooler. Moreover, 
the pump can be continuously driven, making it possible to 
continuously and effectively cool the cooling liquid. Further, it is 
possible to unify the liquid cooling mechanism and the forcible air 
cooling system because the pump portion of the liquid cooling 
mechanism and the fan of the forcible air cooling mechanism are 
provided in a vertically aligned positional relationship such that the 
unified and unitized whole structure is easily mounted onto the 
electronic device. Moreover, it is possible to cool the pump portion 
itself because the pump portion of the liquid cooling mechanism and 
the fan of the forcible air cooling mechanism are provided in a 
vertically aligned positional relationship. 

It is desirable for the cooler of the present invention to 
arrange the impeller and the fan therewihin such that the axis of 
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the pump portion 13. 

As shown in Fig. 6, the rotation mechanism for rotating the 
impeller 16 of the pump portion 3 may also have a construction such 
that a magnet 38 for driving the impeller 16 is fixed on the lower 
surface of the fan 25, and the passive magnet 39 which is subjected 
to the magnetic force of the magnet 38 for driving the impeller 16 is 
embedded on the upper surface of the impeller 16. 

By having such a construction, when the fan 25 is rotated 
under the effect of the magnetic fluctuation of the coils 35 of the 
motor substrate 33, the impeller 16 having the passive magnet 39, 
which is subjected to the magnetic force of the magnet 38 for driving 
the impeller placed on the fan 25 and the passive magnet 39 placed 
on the impeller 16, it is possible to construct a driving mechanism 
for driving the impeller 16. 

Since the driving mechanism for driving the impeller 16 
shown in Fig. 3 omits the magnet 38 for driving the impeller, only 
the two magnets are required to be used for the magnet 29 for 
driving the fan. This mechanism has a construction simpler than 
that of the driving mechanism for driving the impeller 16 shown in 
Fig. 6. 

Furthermore, in any case of the driving mechanism for 
driving the impeller 16 shown in Fig. 3 or Fig. 6, since the motor 
substrate 33 composed of an insulating substrate in a plate form, 
the fan 25 formed in a thin plate and the pump portion 3 formed in a 
flat shape are laminated on each other in a vertically aligned 
positional relationship such that the pump portion 3 of the liquid 
cooling mechanism B and the forcible air cooling mechanism C are 
downsized in a compact and thinner size. Furthermore, since the 
pump portion of the liquid cooling mechanism and the fan of the 
forcible air cooling mechanism are provided in a vertically aligned 
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positional relationship on said substrate, it is possible to unify said 
liquid cooling mechanism and said forcible air cooling mechanism 
such that the unitized whole structure is easily mounted onto the 
electronic device. Furthermore, it is possible to cool the pump 
portion itself because the pump portion of the liquid cooling 
mechanism and the fan of the forcible air cooling mechanism are 
provided in a vertically aligned positional relationship. 

Furthermore, since at least part of the heat-radiation fin 37, 
and metal pipes 20 and 21, surrounding the outside of the pump 
portion 3 is placed facing the port 24 such that it can directly come 
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DESCRIPTION 



COOLER FOR ELECTRONIC DEVICE 



FIELD OF THE INVENTION 



The present invention relates to a cooler for an electronic 
device, for example, a cooler for an electronic device, which is 
suitable for cooling a CPU, or the like contained in a thin type 
electronic device such as a notebook personal computer. 



device, it has hitherto been carried out to radiate the heat of the 
heating parts out of the electronic device so that the heat from the 
heating parts do not have any adverse influence upon any other 
electronic parts. In the conventional electronic device, for example, 
a radiating fin is provided on the upper surface of the heating part 
to carry out self-cooling via the radiating fin. 

However, in a cooler having such a type of a radiating fin as 
being provided on the upper surface of the heating part in order to 
carry out self-cooling, the cooler becomes taller due to the radiating 
fin provided on the upper surface of the heating part and, thus, the 
cooler is not suitable for a thin type electronic device like a notebook 
personal computer. 

For this reason, in a recent thin type electronic device such 
as a notebook personal computer, the heat has been radiated out by 
transferring the heat generated from the heating parts to the body 
of the device or the keyboard through a heat pipe. In such a type of 
cooler, when the heat is radiated outwardly, forcible air-cooling by 
means of a small size fan or the like is carried out in order to 
enhance the effect for heat-radiation. 

However, although the cooler described above using the heat 



BACKGROUND OF THE INVENTION 



Since heating parts are accommodated within an 
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pipe satisfies the requirement for producing a thin type electronic 
device, the effect of heat-radiation is limited due to the use of the 
heat pipe, making the cooler unsuitable for an electronic device 
accommodating an electronic part which generates a large amount of 
heat such as a CPU having an increasingly improved performance. 

As a cooler which has solved such problem and which has an 
enhanced effect of heat-radiation, a cooler has been suggested in 
Japanese Patent Laid-Open No. 7-142886, in which a cooling liquid 
is circulated within the heating element to allow the heating 
element to be forcibly cooled. Such type of conventional cooler will 
now be described by referring to Fig. 7. 

As shown in Fig. 7, a heating element c such as a 
semiconductor element is provided on the surface of a wiring 
substrate which is stored in a body made of metal, this body being in 
the form of a casing of the electronic device. A cooler for the 
heating element c is composed of a heat-receiving header d provided 
on the upper surface of the heating element c, a radiating header e 
secured on a metal casing g in the form of a case lid and a pair of 
flexible tubes f communicating with the inside of the heat receiving 
header d and the inside of the radiating header §_;. 

Furthermore, a liquid channel in which a liquid flows back 
and forth is formed within the heat-receiving header d. Both ends 
of the liquid channel are connected to the inside of the radiating 
header e via the two respective flexible tubes f. A liquid channel in 
which a liquid flows back and forth, a piston for circulating a cooling 
liquid within the liquid channel and a motor which drives the piston 
via a link mechanism are placed within the radiating header e. 

In the cooler for an electronic device thus constructed, the 
heat generated from the heating element is transmitted to the 
heat-receiving header d, and the heat received by the heat-receiving 
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header d is then transmitted to the cooling liquid which flows within 
the heat-receiving header d. 

Almost all of the heat transmitted to the cooling liquid is 
then transmitted out to the radiating header e from the inner wall 
of the liquid channel within the radiating header e, but the 
remaining part of the heat maintains the temperature of the cooling 
liquid. 

The heat transmitted to the heat-radiation header d is 
mainly emitted to the atmosphere via the metal body g, but if there 
is heat which is not emitted, the temperature of the heat-radiation 
header e is kept high. 

Technical problems for the cooler for an electronic device 
described above also remain as described herein below: 

(1) There is a technical problem that due to the increases in the 
much higher processing speed and performance of the CPU and due 
to the modularization of the components and the onboard new units 
associated with multimedia accompanying the progress in the CPU, 
power consumption is rapidly increased to in turn increase the 
amount of the heat generated from the heating elements contained 
in the electronic device, so that the heat transmitted to the cooing 
liquid cannot be sufficiently radiated out through the radiating 
header. Furthermore, since the circulation of the cooling liquid is 
carried out by means of the piston, the circulation of the cooling 
liquid becomes discontinuous, making it impossible to sufficiently 
radiate out the heat. 

(2) Since the heat-receiving header and the radiating header are 
connected by means of the flexible tubes, there is a risk of damaging 
the electronic device itself when the flexible tubes are damaged, 
causing the cooling liquid to leak. What is worse, there is a 
technical problem with regard to many more man-hours being 
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required for mounting, since in the cooler described above, after the 
heat-receiving header and the radiating header have been mounted, 
the flexible tubes must be placed on the wiring substrate. 
(3) Moreover, the parts composing the cooler is separately 
distributed therewithin, making it difficult to cut down on the space 
in a notebook personal computer or the like. This prevents the 
notebook personal computer or the like from being downsized and 
made thinner. 

As described above, no cooler has yet been provided which 
fulfills the following requirements for a smaller size or thinner type 
of electronic device like a notebook personal computer, i.e., the 
cooler must be smaller and thinner, the cooler must have an 
effective and sufficient effect for heat-radiation, and the cooler can 
safely be used in such an electronic device. 
SUMMARY OF THE INVENTION 

The present invention has been made to solve the technical 
problems described above, and an object of the present invention is 
to provide a cooler for an electronic device which is smaller and 
thinner than the conventional cooler, which can show a sufficient 
cooling effect with higher effectiveness, and which has no risk of 
being damaged. 

As described in Claim 1, a cooler for an electronic device 
according to the present invention, which has been made to attain 
the object described above is a cooler for an electronic device which 
cools a heating element provided on the electronic device, which 
comprises: a liquid cooling mechanism composed of a heat sink 
which is formed in a flat shape, having a heat-receiving face at one 
surface thereof intended to be in contact with said electronic device, 
and having a liquid channel accommodated therein, a pump portion 
comprising a housing which is formed into a flat shape and which 
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has an impeller, which can be rotated, provided therein, and metal 
pipes, each of which connects said liquid channel to said pump 
portion; and a forcible air cooling mechanism, composed of a 
radiating fin provided on the outer surface of said metal pipes, and 
a fan which cools said radiating fin and said housing, said liquid 
cooling mechanism and said forcible air cooling mechanism being 
unified with each other. 

Due to such a construction, since the heat sink is formed into 
a flat shape, the heat-receiving face can be enlarged and, thus, the 
heat generated in the electronic device is transmitted to the liquid 
channel via the heat-receiving face having such an enlarged area, 
making it possible to maintain the temperature of the electronic 
device within the tolerance level. On the other hand, since the 
cooling liquid heated due to the heat exchange is forcibly cooled by 
means of the forcible air cooling mechanism, the cooler can maintain 
a large cooling effect, even if the electronic device is used over a 
prolonged period of time. The higher the cooling effect of the cooler, 
the easier the downsizing of the cooler becomes. 

Since the pipe portion and the liquid channel of the heat sink 
are connected by means of the metal pipes, there is no risk of 
leakage of damaging the electronic device itself. What is more, the 
cooler of the present invention is unified into a whole unit and is 
made into a fixed form by connecting the pump portion and the heat 
sink by means of the metal pipes. Consequently, in contrast to the 
conventional cooler, it is not required to place flexible tubes on the 
wiring substrate, so it becomes easy to mount the cooler. Moreover, 
the pump can be continuously driven, making it possible to 
continuously and effectively cool the cooling liquid. 

It is desirable for the cooler of the present invention to 
arrange the impeller and the fan there wihin such that the axis of 
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the rotation of the impeller forming the forcible air cooling 
mechanism are positioned on an identical line. In the case where 
the impeller and the fan are arranged such that the axis of the 
rotation of the impeller forming the liquid cooling mechanism and 
the axis of the rotation of the fan forming the forcible air cooling 
mechanism are positioned on an identical line, the forcible air 
cooling mechanism can be placed in the vicinity of the pump portion, 
and this makes it possible to improve the cooing efficiency. 

It is also desirable for the fan and the impeller to be rotated 
at the same time together. More specifically, the fan and the 
impeller are adapted to rotate together by providing said fan with a 
magnet for rotating the fan which rotates under the influence of the 
magnetic fluctuation of a motor substrate and another magnet for 
driving the impeller while providing said impeller with a passive 
magnet which receives the magnetic force from said magnet for 
driving the impeller. It may also be possible to design such that 
the fan and the impeller are rotated together by providing said fan 
with a magnet for rotating the fan which rotates under the influence 
of the magnetic fluctuation of a motor substrate while providing the 
impeller with a passive magnet to receive the magnetic force from 
said magnet for rotating the fan. 

Thus constructed, the mechanism for driving the fan and the 
mechanism for driving the impeller can be simplified and, thus, it 
becomes possible to miniaturize the forcible air cooling mechanism 
and the pump portion. 

Particularly, in the case where the fan is provided with a 
magnet for rotating the fan which rotates under the influence of the 
magnetic fluctuation of the motor substrate and a passive magnet 
which receives the magnetic force from said magnet for rotating the 
fan, the constructions of the mechanism for driving the fan and of 
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the mechanism for driving the impeller can be simplified much more 
than the constructions described above. 

Desirably, the motor substrate is made of an insulating plate 
having a coil formed on the surface thereof, the fan is in the form of 
a thin plate having a plurality of bent blades at the periphery of a 
thin plate member having a rotation axis at the middle portion 
thereof while the motor substrate, the fan, and the flat pump 
portion are laminated on each other. 

This construction has a merit in that the pump portion and 
the forcible air cooling mechanism has a compact and integrated 
structure. 

Furthermore, it is desirable that the metal pipes each 
connecting the pump portion to the liquid channel of the heat sink 
are folded at least once at a position between the pump portion and 
the heat sink, and a radiating fin is placed on the folded portion. 

Where the radiating fin is placed on the folded portion, the 
radiating fin can be tightly fixed onto the portion between the metal 
pipes and, at the same time, the area in contact with the metal 
pipes can be enlarged, making it possible to improve the cooling 
efficiency of the metal pipes. 

Furthermore, the radiating fin and the portions of the metal 
pipes on which the radiating fin is placed are desirably mounted in 
contact with the mounting plate having thereon a housing provided 
which forms the pump portion. When the radiating fin and the 
portions of the metal pipes on which the radiating fin is placed are 
mounted in contact with the mounting plate having thereon a 
housing provided thereon which forms the pump portion, the heat is 
also transmitted to the mounting plate, and it becomes possible to 
carry out the cooling through the mounting plate. 

In the case where a port capable of causing air to pass 
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therethrough is formed on at least one portion of the mounting plate 
which is positioned on the radiating fin, the air passes by the 
radiating fin to forcibly cool the radiating fin, which makes it 
possible to improve the cooling efficiency. 

It is desirable from the viewpoints of heat conductivity and 
prevention of corrosion that the heat sink is made of aluminum 
which is a highly heat-conductive material, and that the metal pipe 
is made of copper. 

BRIEF DESCRIPTION OF THE DREAWINGS 

Fig. 1 is a bottom view which illustrates a 'cooler for an 
electronic device according to one embodiment of the present 
invention. 

Fig.2 is a cross-sectional view taken along the line Z-Z of 

Fig.l. 

Fig.3 is a cross-sectional view which illustrates the portions 
of the mechanisms for driving the fan and the pump of Fig.2. 

Fig.4 is an exploded perspective view which illustrates the 
main portions of the embodiment shown in Fig.l. 

Fig. 5 is an exploded perspective view which illustrates the 
main portions (metal pipes and associated parts) of the embodiment 
shown in Fig.l. 

Fig.6 is a cross-sectional view which illustrates the 
mechanisms for driving the fan and the pump according to the 
second embodiment of the present invention. 

Fig.7 is a perspective view which illustrates a cooler for an 
electronic device according to the prior art. 
BEST MODE FOR CARRYING OUT THE INVENTION 

The embodiments of the present invention will now be 
described by referring to the drawings. Figs.l to 6 are drawings of 
a cooler for an electronic device according to the present invention. 
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Fig.l is a bottom view; Fig. 2 is a cross-sectional view of Fig.l taken 
along the line Z-Z; Fig. 3 is a cross-sectional view which illustrates 
the portions of the mechanisms for driving the fan and the pump of 
Fig. 2; Fig. 4 is an exploded perspective view which illustrates the 
main portions of the embodiment shown in Fig.l; Fig. 5 is an 
exploded perspective view which illustrates the metal pipes and 
associated parts of the embodiment shown in Fig.l; and Fig. 6 is a 
perspective view which illustrates the mechanisms for driving the 
fan and the pump according to the second embodiment of the present 
invention. 

As shown in Fig.2, in the cooler for an electronic device 
according to the present invention, a liquid cooling mechanism B, 
which absorbs the heat generated from the heating element A within 
the electronic device, is forcibly cooled by a forcible air cooling 
mechanism C. The liquid cooling mechanism B and the forcible air 
cooling mechanism C are constructed so as to be unified with each 
other as shown in Fig.2. 

Also, as shown in Figs. 1 and 2, the liquid cooling mechanism 
B is composed of a heat sink 1, which comes into contact with the 
upper surface of the heating element A of the electronic device and a 
pump portion 3 connected to the heat sink 1 via metal pipes 20 and 
21, which will be described later on. 

Also, as shown in Figs. 2 and 4, the heat sink 1 is made into a 
flat form and is made of a highly heat-conductive material such as 
aluminum. One surface of the heat sink 1 serves as a 
heat-receiving face la, which is placed on the upper surface of the 
heating element A. On the other surface of the heat sink 1 opposite 
the heat receiving face la, a liquid channel 4 folded several times is 
grooved. The liquid channel 4 is sealed by a substrate D via a 
gasket 5. In Fig. 4, the substrate D is omitted and not shown. 
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The substrate D is formed of a synthetic resin excelling in heat 
resistance or a similar material. 

The ends of the liquid channel 4 are respectively 
communicated with a supply pore 7 and a return pore 8, each of 
which extends through a joint arm 6 projecting diagonally from the 
edge portion of the heat-receiving face la. 

A cooling liquid flowing within the liquid channel4, the metal 
pipes 20 and 21, and the pump portion 3 is preferably a liquid 
having a large specific heat, an example including but not restricted 
to water. 

As shown in Fig. 2, the pump portion 3 has a housing 9 
formed into a flat shape and is formed of a synthetic resin material 
excelling in heat resistance or the like, and a pump chamber 10, 
which has an opening at a lower surface of the housing 9, is 
provided within the housing 9. A gasket 11 is in contact with the 
periphery of the opening and a lid 12 for closing the opening are 
placed on the lower surface of the housing 9. 

A screw 13 to extend througn the lid 12 and the gasket 11 
(see Fig.l), is screwed into a screw hole (not shown) placed on the 
lower surface of the housing 9 to fit the lid 12 and the gasket 11 to 
the lower surface of the housing 9 to thereby seal the pump chamber 
10. The lid 12 and the gasket 11 are made of a synthetic resin 
material excelling in heat resistance or a similar material. 

A shaft 14 is fixed to a boss projecting outwardly from 
approximately the center of the inner surface of the lid 12 and, at 
the same time, a projection 15 is placed on the inner surface of the 
housing 9 at a position opposing to the shaft 14 (see Fig.2). 

An impeller 16 supported by the shaft 14 to be freely rotated 
and having an upper surface is brought into point to point contact 
with the projection 15 placed inside of the pump chamber 10. As 
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shown in Fig. 1, with regard to the impeller 16, a plurality of blades 
16a (four blades in this embodiment) extending towards the 
direction of normal lines are placed on the surface of a circular thin 
plate. 

As shown in Fig. 1, into the pump chamber 10, an outlet 17 
which discharges the cooling liquid and an inlet 19 into which the 
cooling liquid flows are placed. A concave portion 18 is formed on 
the inner wall of the pump chamber 10 from a portion in the vicinity 
of the inlet to the central portion of the impeller 16 such that the 
cooling liquid from the inlet 19 can arrive at the central portion of 
the impeller 16. 

Consequently, when the impeller 16 rotates, the cooling 
liquid within the pump chamber 10 flows out of the outlet 17 into 
the metal pipe 20 at the supply side, which will be described later 
on. Also, the cooling liquid flows into the central portion of the 
impeller via the inlet 19 passing through the metal pipe 21 at the 
return side. This constitutes a so-called centrifugal pump. 

The centrifugal pump, not only having a simple structure but 
also making it possible for the impeller 16 to be made into a small 
and thin shape. 

Next, the metal pipe 20 at the supply side and the metal pipe 
21 at the return side are shown in Fig. 5. Each of the metal pipe 20 
at the supply side and the metal pipe 21 at the return side is formed 
by winding a pipe made of a highly heat conductive material such as 
a copper pipe, approximately halfway round the housing 9 and 
folding it, and both pipes are placed in contact with a mounting 
plate 23. 

One end 20a of the metal pipe 20 at the supply side is fitted 
to the outlet 17, and the other end 20b is fitted to the supply port 7 
formed in the heat sink 1. On the other hand, one end 21a of the 
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metal pipe 21 at the return side is fitted to the inlet 19 and the 
other end 21b is fitted to the return port 8 formed in the heat sink 
1. 

Onto a portion of each of the metal pipe 20 at the supply side 
and the metal pipe 21 at the return side, a radiating fin 37 made of 
a thin copper band, which is a highly heat conductive material, 
being bent into a wave form, is fixed in such a manner that the 
temperature of the cooling water circulated within the pipes 20 and 
21 is lowered. 

The mounting plate 23 is provided on a support leg 22 
projecting outwardly from the upper surface of the housing 9 toward 
the outside. The mounting plate 23 and the housing 9 are formed 
together with each other and integrally constructed. More 
specifically, the housing 9, the support leg 22, and the mounting 
plate 23 are formed integrally utilizing a synthetic resin excelling in 
heat resistance or a similar material. 

The mounting plate 23 plays a role in mounting the pump 
portion 3 on the substrate D (see Fig. 2) and also plays a role in 
holding a fan 25, which will be described later on. The mounting 
plate 23 is in a plate form having the outline of a rectangle and, on 
the central portion thereof, an arc pore 24 is provided for 
introducing the air from within the body into the fan 25. 

A concave portion 23a is formed along the arc port 24, and 
the metal pipe 20 at the supply side and the metal pipe 21 at the 
return side are mounted on the concave portion 23a. The metal 
pipes 20 and 21 and a part of the radiating fin 37 are mounted in 
contact with the surface of the concave portion 23a. 

Since the metal pipe 20 at the supply side and the metal pipe 
21 at the return side are directly mounted on the mounting plate 23 
as described above, it is possible to transfer the heat to the side of 
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the mounting plate 23. For this reason, it becomes possible to also 
have the mounting plate 23 serve as a cooling means. 

As shown in Fig. 4, on the upper surface of the mounting 
plate 23, a circular projection 26, whose height is low and which 
guides the rotation of the fan 25, is placed. 

The fan 25 is formed from a thin plate having a circular 
outline, has a rotating shaft placed at the center portion thereof, 
and has a plurality of slits provided on the periphery portions 
thereof. Exhaust blades 28 each having a helix angle are formed on 
the tongue like pieces which are formed between the slits. A 
magnet 29 for rotating the fan, which transmit a rotational force to 
the fan 25, is fixed onto the upper surface of the fan 25. The 
magnet 29 for rotating the fan is formed in a circular shape and is 
placed between the rotation shaft 27 and the exhaust blades 28. 

As shown in Fig, 2, two bearings 31 which support the 
rotation shaft portion 30 which projects down from the inner surface 
of the substrate D, and the positions for inserting the bearings 31 
are fixed by means of rings 32. The fan 25 and the impeller 16 are 
positioned such that the axis lines of the rotation shaft 27 and the 
rotation shaft 14 of the impeller 16 are on an identical line. 

On the peripheral surface of the bearing portion 30 of the 
substrate D, a motor substrate 33 is placed, and screws to extend 
through bores 34 of the motor substrate 33 are screwed to the screw 
bores formed in the inner surface of the substrate D. 

Onto the motor substrate 33, two coils 35 are fixed, and the 
lead lines 36 are connected to the coils 35. 

When an alternative current is supplied to these lead lines 36 
to change the magnetic field, the fan 25 is rotated by means of the 
magnet 29 for rotating the fan, and the air from within the body is 
introduced from the port 24 (see Fig. 2). The air thus introduced is 
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discharged from the exhaust port 23b adjacent to the exhaust port of 
the body to carry out the exhaust. 

Since the air existing within the body passes through the arc 
port 24 in the mounting plate 23 to be discharged out of the body as 
described above, the pup portion 3, the metal pipe 20 at the supply 
side, the metal pipe 21 at the return side, radiating fins 37 placed 
on the metal pipe 20 at the supply side and the metal pipe 21 at the 
return side are cooled by the air. 

In this way, a forcible air cooling mechanism C is constructed 
which not only air cools the metal pipe 20 at the supply side and the 
metal pipe 21 at the return side via the radiating fins 37, but also 
air cools the housing 9 of the pump portion 3, as described above. 

Fig. 3 is a cross-sectional view which illustrates the 
mechanism for rotating the impeller 16. In this figure, the 
mechanism for rotating the impeller 16 is constructed such that a 
passive magnet 39 for the impeller 16 is directly subjected to the 
magnetic force of the magnet 29 for rotating the fan 25 placed on the 
upper surface of the fan 25. 

In this construction, when the fan 25 is rotated under the 
effect of the magnetic fluctuation of the coils 35 of the motor 
substrate 33, the magnet 29 for rotating the fan 25 which is placed 
on the fan 25 is also rotated. 

In addition, the magnet 39 for the impeller 16, which has 
been subjected to the magnetic force of the magnet 29 for rotating 
the fan 25 is rotated following to the movement of the magnet 29 for 
rotating the fan 25. Since the passive magnet 39 is fixed on the 
impeller 16, the rotation of the passive magnet 39 rotates the 
impeller 16. 

As described above, following to the rotation of the fan 25, 
the impeller 16 is also rotated around the projection 15 to actuate 
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the pump portion 13. 

As shown in Fig. 6, the rotation mechanism for rotating the 
impeller 16 of the pump portion 3 may also have a construction such 
that a magnet 38 for driving the impeller 16 is fixed on the lower 
surface of the fan 25, and the passive magnet 39 which is subjected 
to the magnetic force of the magnet 38 for driving the impeller 16 is 
embedded on the upper surface of the impeller 16. 

By having such a construction, when the fan 25 is rotated 
under the effect of the magnetic fluctuation of the coils 35 of the 
motor substrate 33, the impeller 16 having the passive magnet 39, 
which is subjected to the magnetic force of the magnet 38 for driving 
the impeller placed on the fan 25 and the passive magnet 39 placed 
on the impeller 16, it is possible to construct a driving mechanism 
for driving the impeller 16. 

Since the driving mechanism for driving the impeller 16 
shown in Fig. 3 omits the magnet 38 for driving the impeller, only 
the two magnets are required to be used for the magnet 29 for 
driving the fan. This mechanism has a construction simpler than 
that of the driving mechanism for driving the impeller 16 shown in 
Fig. 6. 

Furthermore, in any case of the driving mechanism for 
driving the impeller 16 shown in Fig. 3 or Fig. 6, since the motor 
substrate 33 composed of an insulating substrate in a plate form, 
the fan 25 formed in a thin plate and the pump portion 3 formed in a 
flat shape are laminated on each other such that the pump portion 3 
of the liquid cooling mechanism B and the forcible air cooling 
mechanism C are downsized in a compact and thinner size. 

Furthermore, since at least part of the heat -radiation fin 37, 
and metal pipes 20 and 21, surrounding the outside of the pump 
portion 3 is placed facing the port 24 such that it can directly come 
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into contact with the discharging air from within the body (the air 
flow), thus providing the advantage of enhancing the cooling effect. 

As shown in Fig. 2, the heating element A such as a 
semiconductor element is located within the electronic device. The 
heat sink 1 of the liquid cooling mechanism B is brought into 
contact with the upper surface of the heating element A over a wide 
area such that the heat generated from the heating element A is 
transmitted to the heat sink 1. 

When an alternative current passes through the coil 35 of the 
motor substrate 33, the fan 25 is rotated and, at the same time, the 
impeller 16 of the pump portion 3 is rotated together with the fan 
25. 

By the rotation of the impeller 16, the cooling liquid supplied 
from the pump portion 3 passes through the metal pipe 20 at the 
supply side and through the liquid channel within the heat sink 1 
(see Fig. 4). This allows the heat sink 1, whose temperature would 
have otherwise risen due to the receipt of the heat, to be cooled. 
The cooling liquid whose temperature rises as it absorbs the heat is 
continuously returned to the pump portion 3 via the metal pipe 21 
at the return side. 

In the conventional cooler, the heat absorbed by the cooling 
liquid is self-cooled mainly by being emitted into the atmosphere 
from the pump portion 3, the metal pipes 20 and 21, and the surface 
of the heat sink 3, but some part of the heat is accumulated in the 
cooling liquid thereby raising the temperature of the cooling liquid. 
Consequently, the conventional cooler is disadvantageous in that the 
cooling effect is gradually nullified. In contrast, according to the 
present invention, the temperature rise in the cooling liquid is 
suppressed by the forcible air cooling mechanism C which will be 
described here in below. 
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To be more specific, the forcible air cooling mechanism C is 
constructed by the radiating fin 37 fixed on the metal pipes 20 and 
21, and the fan 25, and the air from within the body of the electronic 
device passes through the port 24 by the fan 25 and is then 
discharged. 

At this time, the air is discharged out, while air-cooling the 
outer surface of the pump portion 3, the metal pipes 20 and 21, and 
the radiating fin 37. 

The radiating fin 37 is formed of a thin bent plate strip, and 
has an extremely large heat-transmitting area. Accordingly, the 
radiating fin 37 has a large cooling effect, and the metal pipes 20 
and 21 on which the radiating fin 37 is fixed are kept at 
approximately atmospheric temperature, allowing the cooling liquid 
passing within the pipes 20 and 21 to be forcibly cooled. 

The outer surface of the pump portion 3 is forcibly cooled by 
forcibly discharging the air from within the body, to remove the heat 
from the cooling liquid within the pump chamber 10 (see Fig.2), but 
its cooling effect is not higher than that of the radiating fin 37. 

Even if heat radiation from the heating element A of the 
electronic device continues over a prolonged period of time, the 
cooling liquid is always forcibly cooled by the air to maintain the 
cooling effect by virtue of the forcible air cooling mechanism C as 
described above with the result that the cooling efficiency of the 
cooler for an electronic device is very high and, what is more, the 
cooling efficiency is never nullified over a prolonged period of time. 
Furthermore, the pump is continuously actuated to continuously 
circulate the cooling liquid, making it possible to obtain an effective 
heat-radiation effect. 

Whereas the radiating fin and the like are cooled by 
discharging the air from within the body 40 of the electronic device 
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in the embodiment described above, it is also possible to cool the 
radiating fin and the like by introducing air from outside the body 
40 of the electronic device. In the case where the housing 9, the 
mounting plate 23 and the like are made of synthetic resin excelling 
in heat resistance, the cooler can be designed to have a light weight, 
contributing to the manufacture of a light weight electronic device. 

As described above, the present invention having a 
construction described above can provide a small and thin cooler 
for an electronic device, which can obtain an effective and sufficient 
cooling effect and without the fear of being damaged. 
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CLAIMS: 



1. A cooler for an electronic device which cools a heating 
element provided on the electronic device, which comprises: 

a liquid cooling mechanism, composed of 

a heat sink formed in a flat shape and having a 
heat-receiving face at one surface thereof intended to be in 
contact with said electronic device, and having a liquid 
channel formed therein, 

a pump portion composed of a housing formed in a flat shape 
and having an impeller and rotatably provided therein, and 
metal pipes each connecting said liquid channel to said pump 
portion, and 
a forcible air cooling mechanism, composed of 

a radiating fin provided on the outer surface of said metal 
pipes, and 

a fan which cools said radiating fin and said housing, 
said liquid cooling mechanism and said forcible air cooling 
mechanism being unified with each other. 

2. The cooler for an electronic device as claimed in Claim 
1, wherein said impeller and said fan are arranged in such a manner 
that the axis of the rotation of the impeller forming said liquid 
cooling mechanism and the axis of the rotation of the fan forming 
said forcible air cooling mechanism are positioned on an identical 
line. 

3. The cooler for an electronic device as claimed in Claim 
1 or 2, wherein said fan and said impeller are rotated together. 
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4. The cooler for an electronic device as claimed in Claim 
3, wherein a magnet for rotating the fan which rotates under the 
influence of the magnetic fluctuation of the motor substrate and a 
magnet for driving the impeller are placed on said fan while a 
passive magnet which receives the magnetic force from said magnet 
for driving the impeller, is placed on said impeller. 

5. The cooler for an electronic device as claimed in Claim 
3, wherein a magnet for rotating the fan which rotates under the 
influence of the magnetic fluctuation of the motor substrate is 
placed on said fan while a passive magnet which receives the 
magnetic force of said magnet for rotating the fan is placed on said 
impeller such that said fan and said impeller are rotated together. 

6. The cooler for an electronic device as claimed in Claim 
4 or 5, wherein said motor substrate is made of an insulating plate 
having a coil formed on the surface thereof, said fan is in the form of 
a thin plate having a plurality of bent blades on the periphery of a 
thin plate having a rotation axis at the middle portion thereof, and 
said motor substrate, said fan and said pump portion in a flat form 
are laminated on each other. 

7. The cooler for an electronic device as claimed in Claim 
1, wherein the metal pipes each connecting the pump portion to the 
liquid channel of the heat sink are folded at least once between the 
pump portion and the heat sink, and said radiating fin is placed 
between the folded metal pipes. 

8. The cooler for an electronic device as claimed in Claim 
7, wherein said radiating fin and the portions of said metal pipes on 
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which the radiating fin is placed are mounted on and in contact with 
a mounting plate having the housing provided thereon to form the 
pump portion. 

9. The cooler for an electronic device as claimed in Claim 
8, wherein a port capable of having air being passed therethrough is 
formed on at least one portion of the mounting plate where the 
radiating fin is positioned. 

10. The cooler for an electronic device as claimed in Claim 
1, wherein the heat sink is made of aluminum which is a highly 
heat-conductive material, and that the metal pipe is made of copper. 
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ABSTRACT 



Onto a heat sink (1) to be in contact with an electronic device 
(A), a liquid channel (4) is provided, and metal pipes (20) and (21) 
connecting a pump (3) which transfers a cooling liquid by the 
rotation of an impeller (16) to the liquid channel (4) are placed to 
construct a liquid cooling mechanism B, and a radiating fin (37) is 
placed on the outer surface of the metal pipes (20) and (21), and a 
fan (25) which discharge the air from within the metal pipes (20) 
and (21) having the radiating fin (37) placed thereon and from 
within the body is placed to construct a forcible air cooling 
mechanism (C). By placing magnets (29) and (39) on the fan (25) 
and the impeller (16), respectively, the constructions of the rotation 
driving mechanism are simplified to make it possible to provide a 
cooler in a compact form. 
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